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1. Introduction
Inguinal hernia is one of the most common surgical disorders in children. Galen first, in 176
A.D, described the processus vaginalis as “The duct descending to the testicle is a small
offshoot of the great peritoneal sac in the lower abdomen”. The surgical history of inguinal
hernias dates back to ancient Egypt. From Bassini’s heralding of the modern era to today’s
mesh-based open and laparoscopic repairs, this history closely resembles the evolution in
anatomical understanding and development of the techniques of general surgery. Ferguson,
in 1899, proposed hernia repair by just exposure, dissection, simple high ligation and removal
of the hernia sac, and this was applied successfully to the pediatric population by Potts et al.
[1-3] Fig 1-2-3
While in adult hernia repairs, the underlying principle involved reconstruction of weakened
muscles and aponeurosis in multiple anatomical layers, for pediatric hernia simple dissection
and high ligation of processus vaginalis at internal ring was found to be sufficient to provide
a long lasting cure to repair indirect inguinal hernia. The Ferguson principle still remains the
basis of all pediatric hernia repairs even in the 21st century. With advances in operating
techniques, better suture materials and pediatric anesthesia, the ferguson principle remains at
the basis of laparoscopic hernia repair.
The evolution reached its current level in 1990 shortly after the introduction of laparoscopic
cholecystectomy, when the laparoscopic approach to inguinal hernia repair was introduced. [4]
In the last few years the use of the laparoscopic approach to inguinal hernia has increased not
only for accurate diagnoses, but also for treatment.
© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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The data reported in the literature underline the safety, reproducibility and excellent cosmetic
results of this technique to an extent that it can now be considered as a valid alternative to
traditional surgery and a first choice technique to explore the contralateral side, in the
differential diagnosis between direct and indirect hernias, and for the treatment of recurrences
[5-8]. Nevertheless some perplexity still remains about the higher percentage of recurrence
rate with this technique ranging from 3.4% to 4.1% compared to the open technique. [3-6]
We present here our experience with the laparoscopic inguinal hernia repair in children with
the addition of the lateral incision of the sac and the suture of the inner inguinal ring. As many
Figure 1. Alexander Hugh Ferguson (1853-1911).
Figure 2. The original drawing of Ferguson technique.
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as 220 patients were operated on from January 2004 to June 2012. The age ranged from 2 months
to 12 years (mean, 2.5 years), with a follow-up between 1 and 7 years (mean 3.5 yrs). There
were 90 bilateral and 130 unilateral inguinal hernia, male/female ratio 141/79.
All the procedures were performed under general anaesthesia and by the same surgeon (AM).
Inclusion criteria included bilateral inguinal hernia, recurrent hernia, hernia in obese children,
incarcerated hernia, and ipsilateral hernia with questionable hernia on the contralateral side.
Exclusion criteria included patients with undescended testicles or who have had many
abdominal surgeries.
According to the age, patients were either asked to urinate before the operation or underwent
manual bladder voiding after the anaesthesia. In the early experience a Veress needle was
employed to induce pneumoperitoneum (12 mmHg) with carbon dioxide (CO2); the Veress was
subsequently replaced by a 5 mm reusable Hasson trocar introduced by “open technique”. This
resulted useful not only for safety but also in case of associated umbilical hernia or previous
surgical procedure, to prevent injuring the adherent bowel or omentum. The 5mm 0° or 30°
laparoscope was employed first to explore the abdominal cavity, and then to ensure patency of
the processus vaginalis on both sides. Thereafter, two operating 2 mm or 3 mm reusable trocars
were inserted in the lower right and left quadrants of the abdominal wall, along the midcla‐
vear line; the patient was then placed in mild Trendelenburg position. (Fig 4) The procedure
usually required a needle holder, a grasper and a pair of scissors. The suture needle was
introduced in the cavity through the abdominal wall, above the inguinal ring. The sac was
previously incised for 1 to 2 cm laterally from the inner inguinal ring to the distal part of the sac
exposing a triangular area or removing a small portion of peritoneum (IRIS Technique – Inguinal
Ring Incision Suture) (fig 5), then the inner inguinal ring was closed adopting a W-shaped suture
Figure 3. Traditional open inguinal herniotomy in children.
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or a purse string using non absorbable, 3/0 - 4/0 polybutester monofilament on a 17/20-mm
swaged needle, starting from the lateral side, grabbing some underlying tissue, to the medial
one. A return stitch was then placed near the first lateral access to obtain a tension-free knot.
Four to five intracorporeal knots were always placed to ensure closure. Great care was used to
close the medial margin of the inguinal ring to prevent recurrence. The vas deferens and
testicular vessels in male patients were completely untouched and safeguarded. If necessary a
second stitch has been applied to not put stress on the previous one with excessive tension. The
needle was retrieved through the working port, and the umbilical wound was then closed with
absorbable sutures while the lateral wounds were just approximated. (Fig 5 to 11)
Figure 4. Theater layout, trocar placement.
Figure 5. Scheme of the peritoneum incision/ purse-string suture.
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Figure 6. Laparoscopic step of the incision of the sac: Incision/removal of a small lateral portion of the sac.
Figure 7. Triangular area peritoneum – free.
Figure 8. Starting suture from the lateral part of the sac.
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Figure 9. Completion of the purse string suture.
Figure 10. Final view of the closure of the inguinal ring.
Figure 11. Herniorraphy on the contralateral side.
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At the end of the procedure, the skin was closed with adhesive strips and the umbilical fascia
was closed with polyglactin 3/0 suture at the end of the procedure. The associated umbilical
hernias were treated in the usual way closing the fascial defect in a transverse direction with
interrupted absorbable polyglactin suture. In some cases, there was need for only one admin‐
istration of acetaminophen in the first few post operative hours.
Mean operative time was 19±3 m’ in the monolateral hernia group and 28±4 m’ in the bilateral
hernia group. Longer time was required in cases of treatment of adhesions or associated
pathologies. The majority of patients was discharged the same day or the next day scheduling
the revaluation at 1 week, 6 months and 1 year. Bilateral inguinal hernia was present in 6.5%.
A contralateral patent ductus was present in 17%. No patient required an additional port or
conversion to open procedure. A slight bleeding occurred in some patients at insertion port
side without sequelae. In the immediate postoperative time, 20 patients presented mild
emphysema on a portal site or at scrotal level, which resolved spontaneously. 2 (0.9%) patients,
in the present series, after the adoption of incision/suture of the internal inguinal ring,
developed recurrence after a period varying between 1 and 6 weeks, which was repaired with
standard open surgery in 1 case and laparoscopically in the other. No patient presented
postoperative complications including testicular atrophy, wound infection or incision site
herniation. No metachronous hernia occurred during the follow-up (mean follow-up: 3,5 yrs).
[9] The associated diseases treated in the same session has been as follows: umbilical hernia
31 pts. ; incarcerated hernia 18 pts; hydrocele15 pts; incarcerated omentum 12 pts, varicocele
8 pts, incarcerated ovary 1 pt; intestinal adhesions1 pt. (Figs. 12 to 14) The technique has
undergone the following changes: passage to the open technique for the insertion of the first
trocar after a period of use of the Veress. Use of incision and removal of a wedge of the parietal
peritoneum at the level of the inner inguinal ring to promote healing. Use of a W-shaped or
purse string suture to tie on the same side. Reinforcement, when necessary, of the suture with
the overlapping of lateral ligaments. Simple interrupted stitches have been used only to
reinforce the running or purse string suture.
Figure 12. Adhesiolysis during laparoscopic herniorraphy
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Figure 13. Laparoscopic view of the incarcerated omentum
Figure 14. Laparoscopic view of an incarcerated hernia
2. Discussion
In our experience the results of laparoscopic approach to inguinal hernia and some associated
pathologies in children with IRIS technique are safe, easy and versatile and the section of the
outer portion of the internal inguinal ring looks like a useful device in reducing relapses.
Different techniques has been described for tightening up the hernia opening by laparoscopy
with varied results. [10] They include the following techniques:
1. Intracorporeal suturing and knotting technique
This has been the initial method adopted at the inception of laparoscopic inguinal hernia repair
in children thanks to the reports by Schier an Montupet. The technique employs three ports
and uses nonabsorbable suture materials. In this method, intraperitoneal suture of the internal
inguinal ring is performed to close the processus vaginalis at its origin. The closure is achieved
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by suturing in N, W or purse-string fashion and knotting tight the internal inguinal ring with
1 or 2 stitches. Sometimes simple interrupted stitches can be utilized to close the ring. This
method has a certain recurrence rate (0–5.7%) and good intracorporeal laparoscopic knotting
skill is required.
More recently, with refinements in technology, the single procedure is currently attracting
attention. In their experience with modified single-port laparoscopic procedures in children,
Rothenberg et al. found very encouraging outcome. This report corroborates with a study by
Chang on technical refinements in single-port laparoscopic surgery of inguinal hernia in
infants and children. In a comparison study by Bharathi et al., single-port technique was
preferred to the three port due to better outcome. Of course this technique presents technical
difficulties compared to the classic three-port procedure. [11-13]
2. Inversion and ligation technique
This method of laparoscopic inguinal repair is widely used in girls. This is a modification of
the intracorporeal technique, using three ports and nonabsorbable sutures. It is thought that
inversion and ligation of sac at the internal inguinal ring would reduce the risk of recurrence
(0.8–2.5%).The problems faced in the intracorporeal technique may also apply here. In 2009,
some Authors described the selective sac extraction method for inguinal hernia repair in
children by minimally invasive procedure with satisfactory surgical and cosmetic outcome. In
the sac extraction technique, the sac is extracted and ligated openly. In the inversion and
ligation technique, the sac is isolated, inverted, and ligated laparoscopically. [14-17]
3. Complete resection with or without ligation technique
This is an emerging technique and represents another modification of the intracorporeal
technique, with three ports and nonabsorbable sutures employed. In this technique, the hernia
sac is resected and closed with a purse-string suture at the level of the internal inguinal ring.
The efficacy of this technique is attributed to the fact that in this procedure, the sac is wholly
resected and this section favors the healing without leaving skip portions as happens in the
intracorporeal suture. The skip portions, especially at the medial aspect of internal inguinal
ring, should account for some of the recurrences in some reports. [18]
With resection and no ligation technique the hernia sac is resected at the level of the internal
inguinal and allowed to close spontaneously. This technique has been reported in literature
with preliminary results showing satisfactory outcome and no recurrence. The method uses
three ports and no sutures are employed.[19]
4. Flip-flap technique
In this procedure, a flip-flap is raised in the internal inguinal ring and used to close the defect.
The hernia opening is repaired with a peritoneal flip-flap anchored with a single tension-free
intracorporeal suture. The vas and testicular vessel remain completely untouched. The valve
mechanism, according to these Authors, avoid scrotal collection and prevent hernia recur‐
rence. This is a three-port technique that uses absorbable sutures. Yip et al. did not record any
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recurrence with this technique. Satisfactory results have been noticed by Hassan et al. in a
comparative study of this flip-flap technique with the conventional open technique. [20,21]
5. Extracorporeal suturing
This method is currently being adopted by increasing number of pediatric surgeons particu‐
larly because has low recurrence rates (0–2.0%), and more importantly, knotting does not
require any special skill because it is done externally in the subcutaneous tissue in the
conventional manner. The low recurrence rate in this technique is attributed to the fact that in
this procedure the sac is wholly ligated without leaving skip portions. The limitation of this
technique is that special needles and introducers are required. In the review, spinal needle,
special 19-gauge needle, hook, and host of other instruments are currently being used with
good outcome. [22,23,24]
6. Use of tissue adhesives
A useful device to reinforce the suture the internal inguinal ring can be represented by the
application of tissue glue.
Initial animal experimental studies showed that tissue adhesives could be used in tissue
approximation. Further, experimental animal models have continued to establish the role of
tissue adhesives in inguinal hernia repair. Today tissue adhesive is being employed in a lot of
laparoscopic procedures including inguinal hernia repair [25-29].
All these artifices indicate that the LH is a technique still in evolution and the near zero
recurrence, if possible, is a goal not completely achieved. In our previous experience the sole
W-shaped suture was associated to a 3.75% of recurrences [30-32]. The lateral incision with
blunt dissection of peritoneum before suturing the inguinal ring resulted, instead, in a
significant improvement of the outcome. These results, which are in line with those obtained
by other Authors, could be due to a better sealing of the internal inguinal ring obtained after
the incision of the peritoneum. [33] We think in fact that, at present, the real problem that all
these technical changes would assume that partial or total peritoneum incision practiced at the
level of internal inguinal ring can foster internal inguinal ring closure itself. But although the
results are better and the comparison result favorable to this techniques there is not a clear
demonstration of why and whether, on the long term, relapses are really reduced. In any case
laparoscopic optic magnification allows to surgeon to dissect and handle the vas and the
vessels very easily. In the open technique, the vas deferens is very vulnerable to mechanical
injury, and the incidence of vas injury may be underestimated because the incidence of
unilateral vas deferens obstruction was reported to be 26.7% for a subfertile patient with a
history of open inguinal hernia surgery in childhood [34-36].
Moreover the possibility of recognize a contralateral patent processus vaginalis can play a role
in preventing metachronous hernias. This does not mean that this condition represents a future
inguinal hernia but since the adoption of this procedure the number of metachronous hernias
was reduced. [37]
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3. Conclusion
The data from our follow-up confirm that the results of the laparoscopic IRIS technique,
presents an acceptable low percentage of recurrences that is comparable to those of the open
technique, with the advantage of reduced post operative pain, rapid return to everyday
activities, and optimal cosmetic results. Although the results of our experience seems prom‐
ising we think that the follow-up is too short and the number of the patients too small for
drawing definitive conclusion.
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